| INTRODUC TI ON
Indoor dampness and mold in the home environment are a common environmental problem, and a considerable proportion of children and adolescents worldwide are exposed to a moldy and damp home environment.
1,2 Critical reviews and recent epidemiological studies have found increased risks of asthma and respiratory symptoms in children exposed to moisture damage and mold at home in many geographical regions. [3] [4] [5] [6] [7] Until now, the causal agents and the mechanisms behind the association between moisture damage and the adverse health effects are not well known. It has been suggested that microbial components such as cell fragments or spores shed during fungal growth in moisture-damaged buildings may induce inflammatory responses. 2 In this context, a chronic inflammatory response of the respiratory tract is considered as a key factor in the pathogenesis of asthma and allergic rhinitis. 8 Indeed, it has been observed that indoor moisture damage is associated with local airway inflammatory responses. [9] [10] [11] We have recently shown in the present cohort that current inspectorobserved major moisture damage in the child's main living areas (in the living room, child's bedroom, and/or kitchen) was associated with systemic inflammation in 6-year-old children. 12 However, it is not known whether early exposure to moisture damage and mold can have long-term effects on the systemic inflammation, immunologic responsiveness and thus contribute to the development of inflammatory diseases. The aim of this study was to evaluate whether exposure to moisture damage or mold early in life is prospectively associated with subclinical systemic inflammation (C-reactive protein (CRP) and leukocytes) and immune responsiveness ex vivo (cytokines) in 6-year-old children.
| MATERIAL AND ME THODS

| Study population and study area
The study population of 442 children consists of a general populationbased birth cohort located in the eastern parts of Finland that has been prospectively followed up from the third trimester of pregnancy and has been described previously in detail. 13 Briefly, the first half of (N = 228), using identical methodology. 13 The ethical permission of the study was granted by the Research Ethics Committee of the Hospital District of Northern Savo, Kuopio, Finland. Written consents were acquired from the parents of the participating children.
| Questionnaires and home inspection
General information about the study population was assessed during the third trimester of pregnancy. The exact methodology of the home inspection has been described earlier and in detail. 7 In short, the homes (N = 413) were inspected by a civil engineer for the signs of moisture and mold in the surfaces and the structures without opening the structures using a predesigned checklist and surface moisture meter (Doser BS2; Doser Messtechnik GmbH & Co., Füssen, Germany) when the children were 5 months old on average.
Twenty-nine families could not participate of the moisture damage inspection. During the home visit, housing characteristics were assessed. The parents were informed about the results of the home inspections.
| Exposure assessment
Moisture damage was originally graded using a 6-point "need for repair" estimation scale in addition to the size of the damaged area A detailed description of the exposure assessment has been comprehensively depicted previously. 7, 15 Briefly, "no damage" corresponded to "need for repair" classes 0 and 1 which was defined as no need for repair or only cosmetic repair. "Major damage" included (i) a need for repair class 2 (a repair of surface materials needed) with the area of damage ≥1 m 2 , (ii) a need for repair class 3 (a repair of structural components needed) with the area of damage ≥0.1 m 2 or (iii) a need for repair class 4 or 5 (more extensive repair needed). Other damage not described by the characterization above was defined as "minor damage." In the presence of several areas of damage in a given room or area, the areas of damage with the same need for repair estimation were summarized. In addition, the presence of "mold odor"
and "visible mold" was recorded for each moisture damage observation. Mold growth which was detectable on silicone sealants in the kitchen or in the bathroom was classified as "no mold."
Practical implications
• Subclinical systemic inflammation is associated with several adverse health implications. Here, we show that exposure to moisture damage and mold in the first year of life would not appear to lead to irreversible subclinical systemic inflammation although cross-sectionally such an association has previously been suggested. This finding is valuable for risk assessment and for etiological studies related to moisture damage-associated adverse health effects.
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In this study, we focused on two combined variables describing (i) "moisture damage in the child's main living areas" and (ii) "moisture damage with mold in the child's main living areas" using information regarding signs of moisture damage and signs of moisture damage with mold, respectively, in the child's bedroom, the living room, and/or the kitchen. In additional analyses, we also analyzed the association between exposure to signs of moisture damage and signs of moisture damage with mold in the bathroom and the measured health outcomes, depending on data availability.
| Health outcome assessment at 6 years
Venous blood samples were collected in lithium-heparin (samples for cytokine analysis), EDTA (white blood cell count), and serum Immune responsiveness ex vivo was assessed by measuring cytokine production in stimulated whole blood cell cultures described earlier. 12 In short, heparinized and diluted whole blood was stimu- The detection limits were 2.3 pg/mL for IL-1β, 0.7 pg/mL for TNFa, and 1.6 pg/mL for IL-6 cytokines. In the analyses, non-detected cytokine levels were set to detection level and standardized with leukocytes. Unfortunately, in total, 60 children had to be excluded from the cytokine data as their cell cultures contained serum which was mislabeled by the manufacturer and did not meet the standards (FBS Gold, PAA Laboratories, Pasching, Austria). 12 In this study, 35 children with data on home inspection were excluded from the statistical analyses of cytokines due to mislabeled serum.
| Statistical analysis
In total, the following data were available for the statistical analyses on the association between early age exposure to moisture damage with or without signs of mold with respect to inflammation markers: 270 children for CRP, 254 for leukocytes, 254 for PI-and LPS-stimulated, 252 for PPG-stimulated, and 251 for unstimulated cytokines. Characteristic analyses were based on the children with complete data on home inspection at early age and measurements either on CRP or cytokines (N = 292). The characteristics of the study population and the buildings had only few significant differences between those who were included (n = 292) and those who were excluded from this study population (n = 150). The included population consisted of more farming families than the excluded participants (31% vs 22%, P = .05). Accordingly, the study participants tended to live more often in single-family/semidetached houses (83% vs 75%, P = .06) and had greater living area (median 120 m 2 vs 115 m 2 , P = .06) than those who were excluded from the analyses (29 had missing data on moisture damage investigation and building characteristics). However, there was no difference in the prevalence of early age moisture damage with or without mold in the child's main living area (P = .54 and P = 0.80) (data not shown).
Binomial logistic regression models 16 were applied to analyze the associations between early age exposure to moisture damage with and without mold and higher levels of subclinical inflammation markers and immune responsiveness. For doing so, the markers were ran additional analyses on early age exposure to moisture damage with and without mold in the bathroom. Moreover, when we tested whether the associations between early age exposure to moisture damage in the child's main living areas and the markers were confounded by current moisture damage exposure in the child's main living areas, the models were additionally adjusted for current exposure at the age of 6 years. However, due to low numbers of observations, we were not able to perform similar additional analyses with moisture damage with visible mold in the child's main living areas, and, in addition, we were not able to analyze the data using continuous exposure (ie, exposure present at both time points).
The main regression models were adjusted for the following a priori selected confounding factors based on earlier findings: gender, living on a farm, older siblings, maternal smoking during pregnancy, maternal allergy, body mass index (BMI), and study cohort. All statistical analyses were performed using the statistical software R, ). The present analyses had 78% power with 5% level of significance to detect an odds ratio of 3.1, as earlier reported in a cross-sectional study 12 comparing prevalence of high CRP among children living in homes with and without major moisture damage.
| RE SULTS
| Study population, exposure, and health outcome characteristics
According to Table S1 , 31% of the included children grew up in a farm household. During pregnancy, 15% of the study subjects were exposed to maternal tobacco smoking. Over half of the mothers (55%) reported to be affected by an allergic disease. About two-thirds (68%) of the children had older siblings at birth and majority (83%) of the children attended the day care at the age of 1 year or later. moved to a different house during the first 6 years of the study period.
As shown in Table 1 , early age moisture damage in the child's main living areas classified as "minor" was observed with 24% and major damage was found in 13% of the homes. From the inspected child's main living areas, most of the moisture damage was observed in the kitchen (minor 20%, major 5%). Moisture damage with visible mold was less common: inspector-observed moisture damage with mold spots in 3% of the child's main living areas and 5% of moisture damage with visible mold. Distributions, including the percentiles and the detection limits of the markers of subclinical inflammation and immune responsiveness ex vivo among all available measurements assessed at the age of 6 years, are given in Table 2 .
| Associations between early age exposure to moisture/mold damage and markers of systemic inflammation
Early age exposure to moisture damage with or without mold in the child's main living areas was not significantly associated with CRP levels or number of leukocytes in adjusted models at the age of 6 years (Table 3) . No significant associations were found between early age exposure to moisture damage with or without mold in the bathrooms and CRP or leukocytes (data not shown).
| Associations between early age exposure to moisture/mold damage and immune responsiveness
Early age exposure to moisture damage with visible mold in the child's main living areas was significantly associated with elevated levels of LPS-stimulated TNF-alpha in later childhood (adjusted odds ratio, 95%
confidence intervals, aOR (95% CI): 3.72 (1.08-12.83)) ( Table 4 ). In addition, there was an inverse association between the exposure to moisture damage in the child's main living areas classified as "minor"
and PI-stimulated production of IL-1β at the age of 6 years (aOR (95%CI): 0.43 (0.19-0.96)).
There were no other consistent associations between early age exposure to moisture damage with or without mold in the child's main living areas and production of the remaining unstimulated and PI-stimulated cytokines (Table 4) as well as their combined variables (Table 5 ).The analyses were also repeated using selected outcome variables as continuous variables, but the conclusions from these analyses were very similar to those that are presented (data not shown).
No associations were found between early age exposure to moisture damage with or without mold in the bathrooms and any analyzed cytokines (data not shown).
| Sensitivity analysis
We further investigated whether the observed effect of early age exposure to moisture damage in child's main living areas on inflammatory markers at 6 years was independent of the current exposure, by adjusting for the presence of moisture damage in the child's main living areas at the age of 6 years (Table S1 ). As shown in Table S2A , B, and C, after adjustment for the current moisture damage, only significant association seen was the inverse association between minor moisture damage in the child's main living areas and combined LPS-stimulated cytokines at 6 years (Table   S2C) , which did not have any effect when the current exposure was not taken account (Table 5 ).
| D ISCUSS I ON
In the current study, inspector-observed early age exposure to major moisture damage in the child's main living areas including child's bedroom, living room, and kitchen was not significantly associated with systemic inflammation markers assessed at the age of 6 years.
On the other hand, some immunomodulatory effects were seen.
The exposure to moisture damage with visible mold in infancy was TA B L E 2 Distributions of C-reactive protein, leukocytes and unstimulated and stimulated cytokines at the age of 6 years TA B L E 4 Adjusted associations between early age exposure to moisture damage with or without mold in the child's main living areas and the production of unstimulated and stimulated cytokines at the age of 6 years N, number of observations; CRP, C-reactive protein; aOR, adjusted odds ratio; 95%CI, 95% confidence interval; TNF-α, tumor necrosis factor alpha; IL-1β, Interleukin 1-beta; IL-6, Interleukin 6; PI, phorbol 12-myristate 13-acetate and ionomycin stimulated; LPS, lipopolysaccharide stimulated; PPG, peptidoglycan stimulated. Models are adjusted for: gender, living on a farm, older siblings, maternal smoking during pregnancy, maternal allergy, body mass index, and study cohort. a could not be estimated.
directly associated with ex vivo LPS-stimulated TNF-alpha production at 6 years of age. In addition, moisture damage was inversely associated with ex vivo PI-stimulated IL-1β production. Similarly, when taking into account early and current exposure in the child's main living areas, there was a significant inverse association between minor moisture damage and combined LPS-stimulated cytokines at 6 years, but there was no association with systemic inflammation or other markers of immune responsiveness.
In line with our results, a Swedish study (Uppsala) of the prospective ECRHS (European Community Respiratory Health Survey) did not find evidence for an association between questionnaireassessed moisture damage or mold in workplace buildings in relation to levels of CRP over a follow-up period of 10 years in adults. 17 In contrast to these results from prospective studies, cross-sectional study set among the same study subjects as with the present investigation found a significant association between major moisture damage in child's main living areas at 6 years of age and elevated circulating CRP levels at same age. 12 In addition, higher total fungal contamination in settled dust samples in Swedish day care centers assessed by quantitative PCR was significantly associated with elevated levels of CRP in 62 female teachers. 18 This suggests that immediate effects of exposure to moisture damage are more relevant in relation to systemic subclinical inflammation; however, the importance of early age exposure over a longer time period needs to be confirmed in larger study sets.
Previous work has demonstrated that dampness-related microbes may trigger the production of proinflammatory mediators.
Studies with murine cells, as well as studies with human macrophages and lung epithelial cells, have shown that dampness-related microbes or toxins are potent cytokine inducers. 10, [19] [20] [21] A study investigating ex vivo effects comparing subjects exposed and not exposed to visible mold at home observed slightly elevated levels of leukocytes in the blood of exposed subjects, but no acute inflammation. However, there was a significant increased release of IL-1β
and IL-8 after stimulation of whole blood with Aspergillus versicolor in the exposed subjects. 22 One Finnish study found that working in TA B L E 5 Adjusted associations between early age exposure to moisture damage with or without mold in the child's main living areas and combined levels of unstimulated and stimulated cytokines at the age of 6 years N, number of observations; CRP, C-reactive protein; aOR, adjusted odds ratio; 95%CI, 95% confidence interval; TNF-α, tumor necrosis factor alpha; IL-1b, Interleukin 1-beta; IL-6, Interleukin 6; PI, phorbol 12-myristate 13-acetate and ionomycin stimulated; LPS, lipopolysaccharide stimulated; PPG peptidoglycan stimulated. a Combination variables for IL-1β, IL-6, and TNF-a were created by taking the ranks of the three cytokines without stimulant (unstimulated) and within each stimulates (PI, LPS, and PPG). Accordingly, the combined variables were also dichotomized. Models are adjusted for: gender, living on a farm, older siblings, maternal smoking during pregnancy, maternal allergy, body mass index, and study cohort. b could not be estimated.
moisture-damaged schools was associated with increased levels of IL-1β, TNF-α, and IL-6 in the nasal lavage fluid compared with the subjects in the control building. 23 Another study evaluated the effect of moisture damage repairs in school buildings on the upper airway inflammatory responses of the occupants. It was demonstrated that the repairs significantly reduced the IL-4 levels in the nasal lavage of the school occupants as compared to the respective levels prior the intervention. 11 In general, until now, evidence is very scarce on the longitudinal effects of exposure to moisture damage and mold in relation subclinical inflammation particular in children populations.
Indoor environments harbor a variety of microorganisms including fungi, which along with their secondary metabolites, have been found to be increased in moisture-damaged buildings. 24 In the present study, we found that exposure to moisture damage with visible mold in the child's main living areas at early age, but not in the bathrooms, was inversely associated with the production of LPSstimulated TNF-alpha in later childhood. Results from this same cohort using 6-year cross-sectional data showed that major moisture damage in the child's main living areas and moisture damage with visible mold in the bathroom increased spontaneous and stimulated cytokine production, particularly PI-stimulated IL-1β and IL-6.
12
In the present prospective study, we observed significant inverse association between the early age exposure to minor moisture damage and ex vivo production of PI-stimulated IL-1β at 6 years. There was also a significant decrease in combined LPSstimulated cytokine levels at 6 years for exposure to minor moisture damage in child's main living areas, when additionally adjusted for current exposure. This is in line with the aforementioned 10-year prospective study in adults, where a negative association was observed between building dampness and IL-6. 17 One might speculate whether increased dampness without major damage to the interior might induce the simultaneous proliferation of other microbial sources including bacteria and allergens. "Dust Microbiome" studies have recently shown that exposure to a higher bacterial, but also fungal and allergen diversity in settled dust, was inversely related to allergic sensitization, asthma, and recurrent wheezing in children. [25] [26] [27] [28] Knowledge is scarce in relation to microbial toxins as secondary metabolites of fungi associated with indoor dampness and mold. We found previously in the second half of the present study population that none of the 42 detected metabolites (out of measured 333 metabolites) in dust samples collected at the age of 1 year were associated with the development of asthma until the age of 6 years, however, the higher number of metabolites was inversely associated with asthma. 29 A recent study by Korkalainen et al. observed that microbial toxins along with microbial cell wall components can result in considerable synergistic proinflammatory interactions at already low exposure levels. 30 Taken together, our current and previous findings can be seen as surrogates from a rich microbial exposure, which is inversely associated with the development of asthma. 31 A key strength of this study was the objectively inspectorbased report of moisture damage and mold within the homes using standardized methods. Moreover, this is the first prospective study looking at early age exposure to moisture damage and mold in relation to inflammatory markers among children assessed in later childhood. A limitation of the study is that the markers of systemic inflammation and immune responsiveness were determinate only at one time point, even they may fluctuate over time. Also, another limitation was the reduced sample size. However, the study populations included and excluded from the present analyses did not differ in the exposure to moisture damage in the child's main living area at early age. The limitation in numbers was seen in particular in the models looking concurrently at early and current exposure to moisture damage with mold, which restricted the possibilities for further analyses as mentioned earlier. Therefore, the estimates may be unstable due to the low number of children and the results have to be interpreted with caution.
| CON CLUS ION
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